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Description 

The present invention relates to an electroluminescent device (EL device) using an organic film containing an 
organic c*ye and, more particularly, to an organic EL device which is capable of high-efficiency light emission by com- 
bining a plurality of organic films. ' 

In recent years, an organic EL device used for, e.g., a display or illumination device has been extensively studied 
and developed For example, Shogo Saito at Kyushu University reported an EL device with a two-layered structure of 
organic films using a metal electrode/aromatic dye/polythiophene/transparent electrode (J. J. Appl Phys 25 L773 
1 986). In this report, the thickness of the organic film is 1 urn or more, and an application voltage is as large as 1 00 V 
In addition, C. W. Tang et al. of Kodak Corp. reported an EL device with a two-layered structure of organic films i e * 
Mg.Ag/Alq3/diamine/ITO (Appl. Phys. Lett., 51, P 913, 1987). According to this report, an EL device driven by an ap^ 
plication voltage of 1 0 Vor less to exh bit a sufficient luminance for practical use can be obtained by setting the thickness 
of the organic film to be 100 nm or less. Each of these EL devices basically has an organic two-layered structure 
obtained by combining electron injection type and hole injection type dyes. The principal characteristics of these EL 
devices are that the thickness of the organic film is decreased as small as possible, that a material having a small work 
function is selected as a metal electrode on the electron injection side, that an organic material for preventing an 
electncal defect when an organic film is formed by vacuum evaporation or sublimation is selected and the like Shogo 
Sarto at Kyushu University also proposed a device with an organic three-layered structure, i.e.. an electron- injection 
layer/a light-emitting layer/a hole-injection layer. In this structure, when a dye which exhibits a high photoluminescence 
is selected for the light-emitting layer, high-luminance light emission can be obtained (J. J. Appl. Phys 27 L269 1988) 
Other reports have also been announced up to the present: For example, some reports are associated with a 
structure of a light-emitting device obtained by combining various organic films, some report that slight light emission 
is recognized when a light-emitting agent is mixed with a hole-injection agent even if an organic film has a single-layer 
structure, and some studies are concerned with degradation of the characteristics of Alq3 serving as a light^emitting 
member. In addition, many applications for similar studies have been made. 

A luminous intensity of an organic EL device has substantially achieved a level of practical use However, there 
are many technical problems remaining unsolved in, e.g., the luminous efficiency, the service life, and the manufacturing 
process of the device. At present, the luminous efficiency is preferably 1%, and normally, about 0.1% A low luminous 
efficiency means that a current which does not contribute to light emission flows between electrodes Since this current 
generates Joule heat, it is a main cause which decreases the service life of the device. In order to put the organic EL 
device into practical use, therefore, luminous efficiency is preferably improved to a value from at least several % to 
about 10%. 

In order to improve the luminous efficiency of the organic EL device, the device structure and the electrical prop- 
erties of a material used for the device must be optimized. So far, the properties of the organic material have been only 
qualitatively defined. For example, an electron (hole) transportation property an electron (hole) injection property, a 
donor type, an acceptor type, and a light-emission property have been defined. Thus, the conditions of the device have 
been defined insufficiently. 

It is, therefore, an object of the present invention to provide an organic EL device which is capable of high-efficiency 
light emission by selecting each material such that a large number of electrons and holes are injected and accumulated 
in a multi-layered structure of organic films in association with the combination of a multi-layered structure of a plurality 
of organic films and a metal electrode. 

Since an organic film is considered as a kind of semiconductor, the electrical characteristics of the junction between 
layers determine element characteristics in a device obtained by stacking organic films. More specifically, taking a work 
function of a metal electrode, a conduction band level, a Fermi level, and a valence band level of each organic film 
into consideration, the relationship between the energy levels in each junction is important. From such a point of view, 
the present invention proposes a high-efficiency EL device structure usinq a semiconductor model. 

An organic electroluminescent device which includes a multilayered body of first and second organic films, al least 
one of the films serving as a light-emitting layer is known from EP-A-0 120 673. 

An organic electroluminescent device which includes an emitting layer sandwiched between organic films is dis- 
closed in a paper: Japanese Journal of Applied Physics, vol. 27, no. 2, Feb 1988, pages L269-271; Ch. Adachi et al; 
"Electroluminescence in Organic Films with Three-Layer Structure". 

Thus, the present invention provides an organic electroluminescent device comprising: 

first and second electrodes opposite to each other; and 

a multi-layered body consisting of a plurality of organic films including at least one light-emitting layer said multi- 
layered body being sandwiched between said electrodes, and comprising a first organic film and a second organic 
film formed to be in contact with each other, said first organic film being positioned on one side of said first electrode, 
wherein the materials of said organic films are selected such that the following inequalities are satisfied- 
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E C1 > E C2 



E V1 > E V2 



s where E C1 and E V1 are energy differences between a vacuum level and a lower end of a conduction band, and 

the vacuum level and an upper end of a valence band of a first organic film on said first electrode side of said multi- 
layered body, respectively, and 

E C2 and E V2 are energy differences between a vacuum level and a lower end of a conduction band, and the vacuum 
10 level and an upper end of a valence band of a second organic film on said second electrode side of said mufti-layered 
body, respectively and that as a consequence the junction between said first and second organic films has a blocking 
barrier which blocks the flow of electrons from said first organic film into said second organic film, and a blocking barrier 
which blocks the flow of holes trom said second organic film into said first organic film, and that electrons injected from 
said first electrode into said first organic film and holes injected from said second electrode into said second organic 
is film are accumulated at said junction to form an electric double layer when a biasing voltage is applied between said 
first and second electrodes to set said second electrode at a positive potential, and at least one type of electrons and 
holes which constitute said electric double layer tunnel a blocking barrier formed in said junction at a predetermined 
threshold voltage to recombine with the other type, thus achieving light emission. 

Such a light-emitting device basically has a structure obtained by sandwiching a multi-layered organic films includ- 
20 ing a light-emitting layer between first and second electrodes. In such basic structure, each material is selected to 
satisfy the following inequalities: 

E M1 <E 1 (1) 
25 E 2 < E M2 (2) 

E C1 > E C2 (3) 



E V1 > E V2 (4) 

where E M1 and E M2 are the work functions of the first and second electrodes, respectively, E C1 is the energy difference 
(to be referred to as a conduction band level hereinafter) between a vacuum level and the lower end of a conduction 
band of the first organic film on the first electrode side, E, is the energy difference (to be referred to as a Fermi level 
hereinafter) between the vacuum level and a Fermi level, E V1 is the energy difference (to be referred to as a valence 
band level hereinafter) between the vacuum level and the upper end of a valence band, and E C2 , E 2 , and E^ are the 
conduction band level, the Fermi level, and the valence band level of the second organic film on the second electrode 
side, respectively. In the relationship between the inequalities (1) and (2), E M1 - E C1 and E^ - E M2 are prelerably set 
to be 1 eV or less (more preferably, to be 0.5 to 0.3 eV or less). 

When each material which satisfies the above conditional inequalities is selected, a junction can be formed between 
the first electrode and the first organic film such that electrons are easily injected from the first electrode into the first 
organic film (conditional inequality (1 )). In the junction between the second electrode and the second organic film, holes 
are easily injected from the second electrode into the second organic film (conditional inequality (2)). 

The EL device according to the present invention can have a structure which satisfies the conditional inequalities 
(1) to (4). In this structure, the third organic film with a band gap smaller than those of the first and second organic 
films is sandwiched therebetween as an emitting layer. The EL device with the above structure can be classified into 
three types. In the first EL device, the electrons and holes respectively injected from the first and second electrodes 
into the first and second organic films are further injected into the third organic film, and are confined in the third organic 
film. In this EL device, the electrons are recombined with the holes in the third organic film to achieve light emission. 
In the second EL device with a three-layered structure of organic films, each material is selected so that a blocking 
SQ barrier junction is formed between the third and first organic films to block the flow of electrons from the first organic 
film to the third organic film, and that a blocking barrier is formed to block the flow of holes from the third organic film 
to the first organic film. When a biasing voltage is applied to this EL device, the injected electrons and holes are 
accumulated at the junction interface between the first and third organic films. When the biasing voltage exceeds a 
given threshold value, electrons are tunnel-injected from the first organic film into the third organic film to perform 
radiative recombination in the third organic film. In the third EL device with a three-layered structure of organic films, 
each material is selected so that a blocking barrier junction is formed between the third and second organic films to 
block the flow ol holes from the second organic film to the third organic film, and that a blocking barrier is formed to 
block the flow of electrons from the third organic film to the first organic film. When a biasing voltage is applied to this 
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EL device, the injected electrons and holes are accumulated at the junction interface between the second and third 
organic films. When the biasing voltage exceeds a given threshold value, electrons are tunnel-injected from the second 
organic film into the third organic film to achieve radiative recombination in the third organic film: 

As described above, according to the organic EL device of the present invention, an effect of simultaneous injection 
s and accumulation of electrons and holes in an organic film allows high-luminance light emission. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

Fig. 1 is a sectional view showing an organic EL device according to the first embodiment of the present invention; 
10 Fig. 2 is an energy band chart showing the electrical characteristics belore junction of each layer of the EL device- 

Fig. 3A is an. energy band chart showing a thermal equilibrium state of the EL device; 
Fig. 3B is an energy band chart showing a biased state of the EL device; 

Fig. 4 is an energy band chart showing the electrical characteristics before junction of each layer of an organic EL 
device according to the second embodiment of the present invention; 
15 Fig. 5 A is an energy band chart showing a thermal equilibrium state of the EL device; 

Fig. 5B is an energy band chart showing a biased state of the EL device; 

Fig. 6 is an energy band chart showing the electrical characteristics before junction of each layer of an organic EL 

device according to the third embodiment of the present invention; 

Fig. 7 A is an energy band chart showing a thermal equilibrium state of the EL device; 

20 Fig. 7B is an energy band chart showing a biased state of the EL device; 

Fig. 8 is a sectional view showing an organic EL device according to the fourth embodiment of the present invention; 
Fig. 9 is an energy band chart showing the electrical characteristics before junction of each layer of the EL device- 
Fig. 1 0A is an energy band chart showing a thermal equilibrium state of the EL device; 
Fig. 1 0B is an energy band chart showing a biased state of the EL device; 

& Fig. 1 1 is a sectional view showing a multi-color organic EL device according to the fifth embodiment of the present 

invention; 

Fig. 1 2 is an energy band chart showing the electrical characteristics before junction of each layer of the EL device; 
Fig. 1 3 is an energy band chart showing a thermal equilibrium state of the EL device; 

Figs. 14A and 14B are energy band charts for explaining a basic operation of multi-color light emission of the EL 
30 device; 

Figs. 15A and 15B are energy band charts for explaining an operation in the first multi-color light emission mode 
in the EL device shown in Fig. 11; 

Figs. 16A and 16B are energy band charts for explaining an operation in the second multi-color light emission 
mode in the EL device shown in Fig. 11 ; 
35 Fig. 17 is a sectional view showing a multi-color organic EL device according to the sixth embodiment of the present 

invention; 

Fig. 1 8 is an energy band chart showing the electrical characteristics before junction of each layer of the EL device; 
Fig. 1 9 is an energy band chart showing the EL device in a thermal equilibrium state; 
Figs. 20A and 20B are energy band charts for explaining a light-emitting operation of the EL device; 
40 Fig. 21 is a sectional view showing a multi-color organic EL device according to the seventh embodiment of the 

present invention; 

Fig. 22 is an energy band chart showing the electrical characteristics before junction of each layer of the EL device; 
Fig. 23 is an energy band chart showing the EL device in a thermal equilibrium state; 
Figs. 24A and 24B are energy band charts for explaining a light-emitting operation of the EL device; 
4* Fig. 25 is a graph showing the hysteresis characteristics of the EL device according to the present invention; 

Fig. 26 is a graph showing the negative resistance characteristics of the EL device according to the present in- 
vention; 

Fig. 27 is a graph showing the voltage - current characteristics of the EL device according to the present invention; 
Fig. 28 is a graph showing the displacement current characteristics of the EL device according to the present 
so invention; 

Fig. 29 is a graph showing the hysteresis characteristics of the organic EL device according to the embodiments 
of the present invention; 

Fig. 30 is a graph showing the afterimage characteristics of the organic EL device according to the embodiments 
of the present invention; 

55 Fig. 31 is a sectional view for explaining a displacement current measuring method to determine the characteristics 

of the material used in the present invention; 

Fig. 32 is a graph showing an application voltage waveform in the method in Fig. 31 ; 

Fig. 33 is a graph showing displacement current - voltage- characteristics obtained when an organic film is not 
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formed in Fig. 31 ; 

Fig. 34 is a graph showing an example of displacement current - voltage characteristics in the device in Fig. 31 ; and 
Fig. 35 is a graph showing displacement current - voltage characteristics of the device in Fig. 31. 

s Fig. 1 shows a sectional structure of an organic EL device according to the first embodiment. This EL device can 

be obtained by sequentially forming films on a glass substrate 1 by e.g., vacuum evaporation or vacuum sublimation, 
as will be described later. Three organic films are sandwiched between upper first electrodes (M^ 2 and a bwer second 
electrode (M 2 ) 3. More specifically, a first organic film (O-,) 4 is formed to be in contact with the first electrode 2, and a 
second organic film (0 2 ) 5 is formed to be in contact with the second electrode 3. A third organic film (O3) 6 serving 

10 as a light-emitting layer is sandwiched between the first and second organic films 4 and 5. The second electrode 3 in 
this embodiment is a transparent electrode of, e.g., ITO formed on the glass substrate 1. Light emitted from the EL 
device is extracted from the substrate 1 side. 

Fig. 2 is an energy band chart in a state wherein layers which constitute the EL device are isolated from each 
other. As shown in Fig. 2, materials are selected to satisfy the following inequalities: 

is 

E C3 > E C1 > E C2 
E V1 > E V2 > E V3 

where E C1 , E-,, and E V1 are the conduction band level, the Fermi level, and the valence band level of the first organic 
20 film (C*! ) 4, E C2 » E 2> and E V2 are the conduction band level, the Fermi level, and the valence band level of the second 
organic film (0 2 ) 5, and E C3 , E 3 , and Eyg are the conduction band level, the Fermi level, and the valence band level 
of the third organic film (O a ) 6. In the first electrode 2. a work function E M1 satisfies the following inequality: 



2S More specifically, electrons are easily injected from the first electrode 2 into the first organic film 4. In the second 
electrode 3, a work function E M2 satisfies the following inequality: 

E M2 >E 2 

More specifically, holes are easily injected from the second electrode 3 into the second organic film 5. 

so An operation of the EL device according to this embodiment will be described hereinafter with reference to Figs. 
3A and 3B. Fig. 3A is an energy band chart showing the EL device of this embodiment in a thermal equilibrium state. 
In the thermal equilibrium state, the Fermi levels of the components of the device coincide with each other. In accord- 
ance with the difference between the work functions of the electrodes and the energy levels of the organic films shown 
in Fig. 2, therefore, a junction is formed between the first electrode 2 and the first organic film 4 such that electrons 

35 are easily injected from the first electrode 2 into the first organic film 4, as shown in Fig. 3 A. A junction is formed 
between the second electrode 3 and the second organic film 5 such thai holes are easily injected from the second 
electrode 3 into the second organic film 5. The third organic film 6 with a band gap smaller than those of the organic 
films 4 and 5 is sandwiched between the first and second organic films 4 and 5. 

Fig. 3B is an energy band chart o1 the device obtained when a given positive biasing voltage V with respect to a 

40 voltage applied to the first electrode 2 is aoplied to the second electrode 3. Electrons are injected from the first electrode 
2 into the first organic film 4, and holes are injected from the second electrode 3 into the second organic film 5. These 
injected electrons and holes are trapped in the third organic film 6 serving as a potential well with respect to both the 
electrons and holes. The electrons and holes trapped in the third organic film 6 are recombined with each other to 
perform light emission. Since the band gaps of the first and second organic films 4 and 5 are larger than that of the 

45 third organic film 6, light emitted from the third organic film 6 is extracted to the outside without being absorbed in the 
first and second organic films 4 and 5. 

Note that when a material which sets a relationship between the energy levels of the junction surfaces is selected 
in such an EL device of this embodiment, a method for measuring a difference of the energy levels is required. The 
following method developed by the present inventors may be employed. 

so As shown in Fig. 31 , a device with a structure of a metal electrode 11/a silicon 1 2/a silicon oxide film 1 3/an organic 
film 14/a metal electrode 15 is formed. A triangular-wave voltage shown in Fig. 32 is applied to this device, and a 
displacement current of the device at this time is measured. During the measurement; the device is illuminated by a 
near infra-red ray with a wave length of 800 nm or more. Thereby, the surface of the silicon 1 2 is immediately inversed 
and serves as an electrode like to a metal. The displacement current is defined as: 

55 

I - C-dV/dt 

where C is the capacitance of the device. If the organic film 14 is not formed in the device shown in Fig. 31, this device 
is a known MOS device. The capacitance of this MOS device is determined by the permittivity and thickness of the 
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silicon oxide film 13. In contrast to this, when the organic firm 14 is formed, the following displacement current is 
observed in accordance with the difference between the Fermi level of the organic film 14 and the work function of the 
metal electrode 15. 

(a) When the work function of the metal electrode 1 5 is substantially equal to the Fermi level of the organic film 14 

In this case, the junction between the metal electrode 15 and the organic film 14 has a high blocking barrier with 
respect to both electrons and holes. Therefore, the organic film 14 serves as an insulating member, and hence the 
capacitance of the device is a series capacitance of the silicon oxide film and the organic film. This capacitance is 
constant and smaller than that of a normal MOS device. The displacement current - voltage characteristics obtained 
when the triangular-wave voltage shown in Fig. 32 is applied to the device exhibit a constant displacement current 
value regardless of a voltage, as shown in Fig. 33. 

(b) When the work function of the metal electrode 15 is smaller than the Fermi level of the organic film 14 

In this case, the junction between the metal electrode 15 and the organic film 1 4 is formed such that electrons are 
easily injected from the metal electrode 1 5 into the organic film 1 4. Therefore, when the triangular-wave voltage shown 
in Fig. 32 is applied to the device, and the metal electrode 1 5 is set to be at a negative potential, electrons are injected 
from the metal electrode 15 into the organic film 14. The injected electrons are accumulated at the interface between 
the organic film 14 and the oxide film 13. In this state, the capacitance of the device is determined by the oxide film 
1 3. As shown in Fig. 34, therefore, the displacement current is increased up to the level of a normal MOS device. When 
the application voltage sets the metal electrode 15 at a positive potential, electrons in the organic film 14 flow out 
toward the metal electrode 1 5, and the displacement current is decreased to a small value obtained when the organic 
film 14 serves as an insulating member. 

(c) When the work function of the metal electrode 1 5 is larger than the Fermi level of the organic film 1 4 

In this case : the junction between the metal electrode 15 and the organic film 14 is formed such that holes are 
easily injected from the metal electrode 1 5 into the organic film 14. Therefore, when the triangular-wave voltage shown 
in Fig. 32 is applied to the device, and the metal electrode 15 is set at a positive potential, holes are injected from the 
metal electrode 15 into the organic film 1 4. The injected holes are accumulated at the interface between the organic 
film 14 and the oxide film 13. In this state, the capacitance of the device is determined by the oxide film 13. As shown 
in Fig. 35, the displacement current is increased up to the level of a normal MOS device. When the application voltage 
sets the metal electrode 15 at a negative potential, holes in the organic film 14 flow out toward the metal electrode 15, 
and the displacement current is decreased to a small value obtained when the organic film 14 serves as an insulating 
member. 

Thus, the displacement current of the device shown in Fig. 31 is measured. The junction state between the metal 
electrode 15 and the organic film 14 is determined depending on whether the measurement result shown in Fig. 33, 
34, or 35 is obtained. 

The method to examine the relationship between the metal electrode and the organic film has been described 
above. Then, a similar displacement current measurement is performed with respect to the device obtained by forming 
a multi-layered structure of the first and second organic films as the organic film 1 4 in the structure of the device shown 
in Fig. 31. Upon this measurement, the relationship between the conduction band levels, the Fermi levels, and the 
valence levels of the two organic films can be apparent. 

Assume that, in the structure of the device shown in Fig. 31, the organic film 14 has a two-layered structure, a 
portion in contact with the metal electrode 15 serves as a first organic film 14,, and a portion under the first organic 
film 14 1 serves as a second organic film 14^ Assume that electrons are injected from the metal electrode 15 into the 
first organic film 1 4 V This has been already examined in the device having an organic film with a single-layer structure. 
If a displacement current is supplied to the level of the normal MOS device when the metal electrode 1 5 is at a negative 
potential, the electrons injected into the first organic film 14, are further injected into the second organic film 14^ 
Therefore, it is seen that the conduction band level of the second organic film 142 is lower than that of the first organic 
film 14 v If such a MOS device level displacement current is not observed, it is seen that the conduction band level of 
the second organic film 1 ^ is higher than that of the first organic film 1 4, . 

The relationship between the valence band levels of the two organic films can be examined by a similar displace- 
55 ment current measurement utilizing hole injection. 

A further detailed embodiment of the organic EL device with the structure shown in Fig. 1 will be described below 
The following materials were used in the device shown in Fig. 1 . 
First Electrode 2: erbium film 
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Second Electrode 3: ITO film 
First Organic Film 4: 




Second Organic Film 5: 



EtOOC* 



C = 




CN 

COOEt 



Third Organic Film 6: 



CH3 



CH3 



N 




CH3 




CH3 



It was confirmed by the above-mentioned displacement current measurement that these material components 
satisfy the conditions shown in Fig. 2. The process for manufacturing the device is as follows. First, the second organic 
film 5 is formed on a glass substrate on which an ITO film is formed by vacuum sublimation (vacuum degree: up to 
1.013 x 10- 2 Pa {10- 6 torr)) to have a thickness of 20 to 100 nm. Then, the third and first organic films 6 and 4 are 
sequentially formed by a similar vacuum sublimation each to have a thickness of 20 to 100 nm. Finally, an erbium film 
is formed by vacuum evaporation to have a thickness of 20 to 100 nm. 

When a biasing voltage was applied to the obtained device to set the ITO electrode at a positive potential, a current 
of 5 mA was supplied at 10 V, and light emission with a luminance of 1.000 cd/m 2 was recognized. The emission 
efficiency was about 10%. 

For the sake of comparison, an EL device which does not have the first and second organic films 4 and 5, but has 
the third organic film 6 with a single-layer structure as an emitting layer was manufactured. Even if a current of 100 
mA was supplied to the EL device at 20 V, a luminance was 500 cd/m 2 , and a emission efficiency was about 0.5%. 
Therefore, it is seen that trapping of carriers performed by sandwiching the light-emitting layer between the first. and 
second organic films contributes to the improvement in emission efficiency. 

Two embodiments using different material components will be described hereinafter on the basis of the structure 
of the device shown in Fig. 1 . 

Fig. 4 is an energy band chart before junction of the layers of an EL device according to one of the two embodiments. 
Fig. 4 corresponds to Fig. 2. As is apparent from a comparison with Fig. 2, in this embodiment, the following condition 
is satisfied between second and third organic films 5 and 6: 



-V2 - 



-V3 



in addition, the following condition is satisfied between first and third organic films 4 and 6: 



E C1 K E C3 



The other conditions are the same as those in the above embodiment. 

Figs. 5A and 5B are energy band charts for explaining an operation of an organic EL device of this embodiment. 
Fig. 5 A is an energy band chart in a thermal equilibrium state. As shown in Fig. 5 A, in this embodiment, a blocking 
barrier is formed between the first and third organic films 4 and 6 to block the flow of electrons from the first organic 
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film 4 to the third organic film 6. This blocking barrier is defined as: 



AE c = Eci-Ec3 



This blocking barrier which blocks the electrons is smaller than a blocking barrier which blocks the flow of holes from 
the third organic film 6 to the first organic film 4. This barrier for blocking holes is defined as: 



A state wherein a forward biasing voltage is applied to the EL device of this embodiment is shown in Fig 5B 
Electrons injected from a first electrode 2 into the first organic film 4 are accumulated at the blocking barrier junction 
between the first and third organic films 4 and 6. The holes injected from a second electrode 3 into the second organic 
film 5 are supplied to the third organic film 6, and are accumulated at the blocking barrier junction between the third 
and first organic films 6 and 4. Thus, the carriers accumulated at the junction between the first and third organic films 
4 and 6 form an electric double layer. The thickness of the electric double layer is equal to the intermodule distance 
(up to 1 nm) of the organic dye. As a result, a high-intensity electric field ol about 10 7 V/cm or more is formed in the 
electric double layer. The electrons in the first organic film 4 are tunnel-injected into the third organic film 6 by this 
strong electric field to perform radiative recombination in the third organic film 6. 

Fig. 6 is an energy band chart before junction of layers of another device. In this embodiment, as shown in Fig 6 
the following condition is set between first and third organic films 4 and 6: 

20 ^Cl ^ E C3 

In addition, the following condition is set between the second and third organic films 5 and 6: 

E V2 <E V3 

The other conditions are the same as those of the device shown in Fig. 2. 
2S Figs. 7A and 7B are energy band charts for explaining an operation of an organic EL device of this embodiment 

Fig. 7A is an energy band chart in a thermal equilibrium state. As shown in Fig. 7A, in this embodiment, a blocking 
barrier is formed between the second and third organic films 5 and 6 to block the flow of holes from the second organic 
film 5 to the third organic film 6. This barrier is defined as: 



30 AE v " E V3 * E V2 



This blocking barrier which blocks the holes is smaller than a blocking barrier which blocks the flow of electrons from 
the third organic film 6 to the second organic film 5. This barrier for blocking electrons is defined as: 



AE c = E C3 - E C2 



A state wherein a forward biasing voltage is applied to the EL device of this embodiment is shown in Fig. 7B The 
electrons injected from a first electrode 2 into the first organic film 4 are supplied to the third organic film 6, and are 
accumulated at the blocking barrier junction between the third and second organic films 6 and 5. The holes injected 
from a second electrode 3 into the second organic film 5 are accumulated at the blocking barrier junction between the 
second and third organic films 5 and 6. Thus, the carriers accumulated at the junction between the second and third 
organic films 5 and 6 form an electric double layer. If the biasing voltage exceeds a predetermined value, holes in the 
second organic film 5 are tunnel-injected into the third organic film 6 to perform radiative recombination in the third 
organic film 6. 

According to the above embodiments : a large number of carriers are confined in the third organic film. As a result, 
high-efficiency light emission can be achieved. 

An embodiment of a device having an emitting layer with a multi-layered structure consisting of a plurality of organic 
films will be described hereinafter 

Fig. 8 is a sectional view showing the structure of an organic EL device of such an embodiment. As is apparent 
from a comparison with Fig. 1, in this embodiment, an emitting layer region sandwiched between third and fourth 
organic films 6 and 7 is a multi-layered body of first and second organic films 4 and 5. 

Fig. 9 is an energy band chart before junction of layers of the EL device of this embodiment. As shown in Fig. 9, 
in this embodiment, materials are combined to satisfy the following conditions: 

E ci " E vi < E C3 " E V3 

55 E C2 * E V2 < E C4 * E V4 

E C1 * E C3 > E C2 



8 



EP 0 390 551 B1 



E 



V4 



VI 



Fig. 10A is an energy band chart of the EL device of this embodiment in a thermal equilibrium state. The first and 
second organic films 4 and 5 each having a small band gap are sandwiched between the third and fourth organic films 
6 and 7 each having a large band gap. As for a conduction band, the interface between the third and fourth organic 
films 5 and 7 is smooth, and a blocking barrier is formed between the first and second organic films 4 and 5. This 
barrier is defined as: 



10 This barrier to block electrons is smaller than that between the second and fourth organic films 5 and 7. On the other 
hand, as for a valence band, the interface between the fourth and second organic films 7 and 5 is smooth, and a 
blocking barrier is formed between the first and second organic films 4 and 5. This barrier is defined as: 



'5 This blocking barrier which blocks holes is smaller than that between the fourth and third organic films 7 and 5. 

Fig. 1 0B is an energy band chart obtained when a biasing voltage is applied to the EL device of this embodiment 
to set a second electrode 3 at a positive potential with respect to the first electrode. Electrons are injected from a first 
electrode 2 into the third organic film 6. The injected electrons are transferred to the first organic film 4, and are accu- 
mulated at the blocking barrier junction between the first and second organic films 4 and 5. Holes are injected from 

20 the second electrode 3 into the fourth organic film 7. The injected holes are transferred to the second organic film 5, 
and are accumulated at the blocking barrier junction between the first and second organic films 4 and 5. Thus : in this 
embodiment, an electric double layer is formed in the junction between the first and second organic films 4 and 5. If 
the biasing voltage exceeds a predetermined value, electrons are tunnel-injected from the first organic film 4 into the 
second organic film 5 to perform radiative recombination in the second organic Rim 5. At the same time, or at a different 

2S threshold voltage, holes are tunnel-injected from the second organic film 5 into the first organic film 4 to perform radiative 
recombination in the first organic film 4. 

In this case, if the threshold value of the hoie injection from the second organic film 5 into the first organic film 4 
is equal to that of the electron injection from the first organic film 4 into the second organic film 5, light emission in the 
first organic film 4 is mixed with fight emission in the second organic film 5. If these threshold values are different from 

30 each other, light emission in one organic film has priority over that in the other organic film. For example, light emission 
in the first organic film 4 occurs at the first threshold value. A biasing voltage is further increased, and light emission 
in the second organic film 5 overlaps the light emission in the first organic film 4 at the second threshold value. This 
priority order can be reversed depending on the film materials. Regardless of the priority in this case, one-pixel multk 
color display capable of emission color control by a biasing voltage can be realized. 

35 In this embodiment, the first and second organic films serving as emitting layers are sandwiched between the third 

and fourth organic films each having a targe band gap. Therefore, high-efficiency light emission can be achieved by a 
carrier trapping effect. 

An embodiment using two emitting layers will be described below in detail. In a device shown in Fig. 8, the following 
materials are selected. 
40 First Electrode 2: erbium film 
Second Electrode 3: ITO film 
First Organic Film 4: tetranitrobifluorenonyl 
Second Organic Film 5: 



AE C = E C2 -E, 



C1 



V - £ V1 " k V2 



SO 



45 




Third Organic Film 6: 
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Forth Organic Film 7: bicoronenyl 

The process for manufacturing the device is basically the same as that described above. When a biasing voltage 
was applied to the obtained device, a current of about 10 mA Mowed at an application voltage o1 5 V and light emission 
with a luminance of about 2,000 cd/m* was recognized. The emission efficiency was about 20%. 

An embodiment wherein the present invention is applied to a multi-color EL device will be described below. The 
mufti-color EL device according to the present invention basically has a multi-layered structure consisting of the first 
and second organic films in which a blocking barrier junction is formed to block electrons or holes, and the first and 
second electrodes which sandwich this multi-layered structure. The first electrode for electron injection is formed on 
the first organic film side, and the second electrode for hole injection is formed on the second organic film side 

In such a basic structure, the first multi-color organic EL device utilizes the following phenomenon. That is when 
a positive biasing voltage with respect to the second electrode is applied between the first and second electrodes 
electrons injected from the first electrode into the first organic film and holes injected from the second electrode into 
the second organic film are accumulated at the interface of the blocking barrier junction. Of the accumulated electrons 
and holes, the electrons are tunnel-injected into the second organic film to perform radiative recombination in the 
second organic film, and the holes are tunnel-injected into the first organic film to perform radiative recombination in 
the first organic film. 

More specifically, materials are selected to satisfy the above conditional inequalities (1 ) to (4), in the same manner 
as in the above-mentioned embodiments. In inequalities (1) to (4), E^ and E M2 are the work functions of the first and 
second electrodes, respectively, E^. E 1( and E V1 are the conduction band level, the Fermi level, and the valence band 
level of the first organic film, respectively, and E C2 , E 2 , and E^ are the conduction band level, the Fermi level, and the 
valence band level of the second organic film, respectively. 

In order to control an emission color by a biasing voltage, materials are selected to satisfy the following condition 
(5) or (6) in addition to the above conditions (1 ) to (4): 

E ci " E C2 < E vi " E V2 (5) 
E C1 " E C2 > E V1 * E V2 (6) 

The second multi-color organic EL device has a structure obtained by additionally inserting the third organic film 
between the second organic film and the second electrode in addition to the above-mentioned basic structure. When 
a positive biasing voltage with respect to the second electrode is applied between the first and second electrodes, 
electrons injected from the first electrode into the first organic film and holes injected from the second electrode into 
the second organic film through the third organic film are accumulated at the interface of the blocking barrier junction. 
Of the accumulated electrons and holes, the electrons are tunnel-injected into the second organic film at the first 
threshold voltage to perform radiative recombination in the second organic film, and are further injected into the third 
organic film at the second threshold voltage to perform radiative recombination in the third organic film. 

More specifically, in order to achieve such multi-color emission, materials are selected to satisfy the following 
conditions (7) to (10) in addition to the relationship of the electrical characteristics in the materials of the first multi- 
color organic EL device: 

E C1 ' E C2 < E V1 * E V2 (7) 
E C2 < E C3 (8) 
E V2 =* E V3 (9) 
E M2 <E 3 (10) 

where E C3 , E 3 , and E V3 are the conduction band level, the Fermi levei, and the valence band level of the third organic 
film. 

In addition, the third multi-color organic EL device has a structure obtained by additionally inserting the third organic 
film between the first electrode and the first organic film in the above-mentioned basic structure. When a positive biasing 
voltage with respect to the second electrode is applied between the first and second electrodes, electrons injected 
from the first electrode into the first organic film through the third organic film, and holes injected from the second 
electrode into the second organic film are accumulated at the interface of the blocking barrier junction. Of the accu- 
mulated electrons and holes, the holes are tunnel-injected into the first organic film at the first threshold voltage to 
perform radiative recombination in the first organic film, and are further injected into the third organic film at the second 
threshold voltage to perform radiative recombination in the third organic film. 

More specifically, in order to achieve such multi-color emission, materials are selected to satisfy the following 
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conditions (11) to (13) in addition to the relationship of the electrical characteristics of the materials in the first multi- 
color organic EL device: 

E C1" E C2 >E V1- E V2 (H) 
E C3~ E C1 02) 

E V3 <E V1 (13) 

E M1< E 3 (14) 

where E C3 , E 3 , and E V3 are the conduction band level, the Fermi level : and the valence band level of the third organic 
film. 

in the basic structure of the organic-film EL device according to the present invention, blocking barriers to block 
electrons and holes are formed on the junction interface between the first and second organic films (conditional ine- 
qualities (3) and (4)). In addition, when a biasing voltage to set the second electrode at a positive potential is applied, 
electrons are injected from the first electrode into the first organic film (conditional inequality (1 )), and holes are injected 
from the second electrode into the second organic film (conditional inequality (2)). As a result, an electric double layer 
is formed on the blocking barrier junction interface between the first and second organic films. 

In the first multi-color organic EL device, therefore, when a biasing voltage exceeds a predetermined threshold 
value, electrons in the first organic film are injected into the second organic film to perform radiative recombination in 
the second organic film. If the biasing voltage exceeds a predetermined threshold value, holes in the second organic 
film are tunnel-injected into the first organic film to perform radiative recombination in the first organic film. Thus, light 
emission with a wavelength determined by the first organic film and Eight emission with a wavelength determined by 
the second organic film can be obtained. When the conditional inequality (5) is satisfied, tunnel injection of electrons 
from the first organic film into the second organic film has priority over that of holes. When a biasing voltage is applied, 
therefore, light emission caused by radiative recombination in the second organic film is recognized at the first threshold 
voltage, and light emission is simultaneously recognized in the first and second organic films at the second threshold 
voltage. When the conditional inequality (6) is satisfied, this relationship is reversed. 

According to the second multi-color organic EL device, in the blocking barrier junction between the first and second 
organic films, a blocking barrier which blocks electrons is set to be lower than that which blocks holes (conditional 
inequalities (7) and (B)). In addition, materials are selected so that holes injected from the second electrode into the 
third organic film are supplied to the second organic film with little interference (conditional inequalities (9) and (10)). 
Therefore, of carriers accumulated at the blocking barrier junction between the first and second organic films to form, 
an electric double layer upon application of a biasing voltage, electrons are tunnel-injected into the second organic 
film to perform radiative recombination in the second organic film. If the thickness of the second organic film is smaller 
than the mean free path of the carriers, a large number of electrons are supplied to the third organic film upon a further 
increase in biasing voltage, thus performing radiative recombination in the third organic film. Therefore, the multi-color 
EL device capable of emission color control by a biasing voltage can be obtained. 

According to the third multi-color organic EL device, in the blocking barrier junction between the first and second 
organic films, a blocking barrier which blocks holes is set to be lower than that which blocks electrons (conditional 
inequalities (11) and (12)). In addition, materials are selected so that electrons injected from the first electrode into the 
third organic film are supplied to the second organic film with little interference. Therefore, of the carriers accumulated 
at the blocking barrier junction between the first and second organic films to form an electric double layer upon appli- 
cation of a biasing voltage, holes are tunnel-injected into the first organic film to perform radiative recombination in the 
first organic film. When the biasing voltage is further increased, a large number of holes are supplied to the third organic 
film to perform radiative recombination in the third organic film. Therefore, the multi-color EL device capable of emission 
color control by a biasing voltage can be obtained. 

Embodiments of these multi-color organic EL devices will be described hereinafter with reference to the accom- 
panying drawings. 

Fig. n shows a sectional device structure of the first multi-color organic EL device of the embodiment. This device 
includes a first electrode (M-,) 2, a first organic film (O-,) 4, a second organic film (0 2 ) 5, and a second electrode (M 2 ) 
3, in the order named from the upper side. The second electrode 3 is a transparent electrode of, e.g., ITO formed on 
a glass substrate 1. in this embodiment. Light is extracted from the glass substrate 1 side. In the process for manufac- 
turing this device, the films are sequentially stacked on the substrate by, e.g., vacuum evaporation or vacuum subli- 
mation, in the same manner as in the above embodiments. 

Fig. 1 2 is an energy band chart in a state wherein the layers which constitute the multi-color EL device are isolated 
from each other. As shown in Fig. 12, materials are selected to satisfy the following inequalities: 
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E C1 > E C2 



E V1 >E V2 



where E^, E v and E V1 are the conduction band level, the Fermi level, and the valence band level of the first organic 
film 4, and E C2 , E 2 , and Eyg are the conduction band level, the Fermi level, and the valence band level of the second 
organic film 5. In addition, the first electrode 2 has a workf unction E^ which satisfies the following inequality: Electrons 
are easily injected from the first electrode 2 into the first organic film 4. The second electrode 3 has a work function 
E M2 which satisfies the following inequality: Holes are easily injected from the second electrode 2 into the second 
organic film 5. 

Fig. 13 is an energy band chart of the EL device in which the layers are stacked in a thermal equilibrium state. In 
the thermal equilibrium state, the Fermi levels of the components coincide with each other. In accordance with the 
difference between the work functions of the electrodes and the energy levels of the organic films shown in Fig. 12, 
therefore, a junction is formed between the first electrode 2 and the first organic film 4 such that electrons are easily 
injected from the first electrode 2, as shown in Fig. 13. A junction is formed between the second electrode 3 and the 
second organic film 5 such that holes are easily injected from the second electrode a Between the first and second 
organic films 4 and 5, a blocking barrier is formed in the conduction band. This barrier is defined as: 



AE C = E C1 * E C2 

A blocking barrier is also formed in the valence band. This barrier is defined as: 

aE v - E V1 = E V2 

An operation principle of the muiti-color organic EL device of this embodiment will be described hereinafter with refer- 
ence to Figs. 14A and 14B. Fig. 14A is an energy band chart of the device obtained when a given positive biasing 
voltage VI with respect to a voltage applied to the first electrode 2 is applied to the second electrode 3. Electrons are 
injected from the first electrode 2 into the first organic film 4, and holes are injected from the second electrode 3 into 
the second organic film. 5. These injected electrons and holes are accumulated at the blocking barrier junction interface 
between the first and second organic films 4 and 5 to form an electric double layer. As shown in Fig. 14b, when the 
biasing voltage exceeds a predetermined threshold value and reaches V 2s the carriers which form the electric double 
layer are tunnel-injected in an adjacent layer through the blocking barrier junction. The holes injected from the second 
organic film 5 into the first organic film 4 are recombined with the electrons which are major carriers in the first organic 
film 4, thereby obtaining light emission with a first wavelength of VI. The electrons injected from the first organic film 
4 into the second organic film 5 are recombined with the holes which are major carriers in the second organic film 5, 
thereby obtaining light emission with a second wavelength of X2. 

Whether light emission with the first or second wavelength is predominant is determined in accordance with the 
relationship between the heights AE C and AE V of blocking barriers which respectively block electrons and holes be- 
tween the first and second organic films 4 and 5. In accordance with selection of materials, therefore, the following EL 
devices can be obtained: 

(1) An EL device for simultaneously obtaining light with the first and second wavelengths at a predetermined 
threshold voltage for AEq approximately equal to AE V . 

(2) A multi-color EL device for obtaining light emission with only the first wavelength at the first threshold voltage, 
and obtaining multi-color light emission at the second threshold voltage; and 

(3) A multi-color EL device for obtaining light emission with only the second wavelength atthe first threshold voltage, 
and obtaining multi-color light emission at the second threshold voltage. 

Figs. 1 5A and 1 5B are energy band charts for explaining an operation of the multi-color EL device in which materials 
are selected to satisfy the following inequality; 



E ci * E C2 < E vi " E V2 



As is apparent from the above-mentioned principle, electrons and holes are respectively injected into the first and 
second organic films 4 and 5 by the biasing voltage V to form the electric double layer When the biasing voltage V 
exceeds a first threshold voltage Vth 1 , electrons are tunnel-injected from the first organic film 4 into the second organic 
film 5 to perform radiative recombination in the second organic film, thus emitting light with the wavelength of X2 : as 
shown in Fig. 14A. When the biasing voltage V is further increased to exceed a second threshold value Vth2. tunnel 
injection of holes from the second organic Rim 5 into the first organic film 4 is started to perform radiative recombination 
in the first organic film, and light emission with the wavelength of X1 overlaps the above light emission, as shown in 
Fig. 15B. 
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Figs. 16A and 16B are energy band charts for explaining an operation of the multi-color EL device in which materials 
are selected to satisfy the following inequality: 



-ci 



- E C2 > E^ 



-E 



V2 



In this case, in contrast to Figs. 15A and 15B, light emission in the first organic film 4 (wavelength M) occurs at the 
first threshold voltage Vth1, and light emission (wavelength X2) in the second organic film 5 overlaps the above light 
emission at the second threshold voltage Vth2. Note that the first and second threshold voltages Vth1 and Vth2, and 
the wavelengths VI and X2 in Figs. 1 6A and 16B are normally not equal to those in Figs. 15A and 15B. 

A detailed embodiment of the multi-color organic EL device will be described hereinafter. In the device shown in 
Fig. 11, the following materials are selected. 
First Electrode 2: erbium film 
Second Electrode 3: ITO film 
First Organic Film 4: 



15 
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EtOOO 



:C = CH 




CH = C< 



-CN 
COOEt 



Second Organic Film 5: bipyrenyl 

it is confirmed that these material components satisfy the conditions shewn in Fig. 12 and the condition of E C1 - 
^C2 < ^vi ' ^V2 by tne above-mentioned displacement current measurement method. The process for manufacturing 
the device is as follows. First, the second organic Him having a thickness of 100 nm is formed on a glass substrate on 
which an ITO film is formed by vacuum sublimation (vacuum degree ~ 1 .01 3 x 10 -2 Pa (1 0 -6 Torr)). Similarly, the first 
organic film is formed on the second organic film to have a thickness of 100 nm by vacuum sublimation. Finally, the 
erbium film having a thickness of 100 nm is formed by vacuum evaporation. 

When a biasing voltage was applied to the obtained EL device to set an ITO electrode at a positive potential, a 
current of 5 mA flowed at 3 V, and orange light emission with a luminance of 500 cd/m 2 was recognized. This was light 
emission in the first organic film. When the biasing voltage was increased up to 1 5 V, the emission color was changed 
to yellowish green. This was caused by mixing of blue light emitted by the second organic film. 

An embodiment of another mu Hi-color EL device with a two-layered structure of organic films will be described 
below. In the device shown in Fig. 11, the following materials are selected. 
First Electrode 2: erbium film 
Second Electrode 3: ITO film 
First organic Film 4: 



EtOOC^ 
Second Organic Film 5: 



CH = C- 



CN 

COOEt 




The process for manufacturing the device and the thickness of each layer are the same as those in the above 
multi-color EL device. 

When a biasing voltage was applied to the obtained EL device to set the ITO electrode at a positive potential, 
yellow light emission was recognized at 5 V This was caused by light emission in the first organic film 4. When the 
biasing voltage was further increased up to 15 V, the emission color was changed into reddish orange. This was caused 
by overlapping of the light emitted in the second organic film 5. 

The multi-color EL device using a two-layered organic film structure has been described above. In addition, three 
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organic films can be combined to form a multicolor EL device on the basis of the two-layered structure. Such embod- 
iments will be described below. 

Fig. 17 is a sectional view of a multi-color organic EL device of such an embodiment. Unlike in Fig. 11, a third 
organic film 6 is sandwiched between a second organic film 5 and a second electrode 3 in this embodiment. 

Fig. 18 shows the electrical characteristics, e.g., a work function of each layer in the EL device shown in Fig. 17. 
A relationship of the material characteristics between a first electrode 2, a first organic film 4, the second organic film 
5 : and the second electrode 3 is basically the same as that of the multi-color EL device shown in Fig. 11 . However, the 
energy levels of the first and second organic films 4 and 5 are set to have the following relationship: 

E ci " E C2 < E vi * E V2 

in the third organic film 6, on the basis of the relationship between the second organic film 5 and the second electrode 
3 : the following conditions are set: 

E C3 > E C2 

EV3 = 

where is the conduction band level, E 3 is the Fermi level, and E^ is the valence band level 

An energy band chart of the EL device in which these layers are stacked in a thermal equilibrium state is, therefore, 
shown in Fig. 19. Blocking barriers are formed between the first and second organic films 4 and 5 to block electrons 

20 and holes, respectively, as in the above embodiments. However, a blocking barrier AEC which blocks electrons on the 
conduction band side is formed to be smaller than a blocking barrier AEy which blocks holes on the valence band side. 
The thickness of the second organic film 5 is smaller than the an free path of the carriers, and a blocking barrier which 
blocks the flow of electrons from the second organic film 5 to the third organic film 6 is not lormed. Holes are easily 
injected from the second electrode 3 into the third organic film 6, and the holes injected into the third organic film 6 are 

25 supplied to the second organic film 5 with little interference. 

An operation of multi-color light emission in this EL device will be described below with reference to Figs. 20A and 
20B. When a forward biasing voltage is applied to the device in the same manner as in the above embodiments, 
electrons are injected from the first electrode 2 into the first organic film 4, and holes are injected from the second 
electrode 3 into the second organic film 5 through the third organic film 6. The injected carriers are accumulated at the 

30 blocking barrier junction between the first and second organic films 4 and 5 to form an electric double layer. When the 
biasing voltage exceeds a first threshold value Vthl , electrons are tunnel-injected from the first organic film 4 into the 
second organic film 5 to recombine with the holes in the second organic film 5, thus emitting light, as shown in Fig. 
20A. When the biasing voltage is further increased to exceed a threshold value Vth2, a large number of electrons 
injected from the first organic film 4 into the second organic film 5 are further injected into the third organic film 6 without 

35 being recombined, as shown in Fig. 20B. The injected electrons are recombined with the holes in the third organic film 
6 to emit light. More specifically, light with a short wavelength is emitted from the second organic film 5 with a large 
band gap under the low-bias condition. Under the high-bias condition, light with a long wavelength emitted from the 
third organic film 6 with a small band gap is mixed with the light from the film 5. For example, when the second organic 
film 5 serves as a blue emitting agent, and the third organic film 6 serves as a yellow emitting agent, blue light is emitted 

40 at a low biasing voltage, and white light is emitted at a high biasing voltage. 

Fig. 21 is a multi-color EL device according to another embodiment using a three-layered structure of organic films. 
In this embodiment, a third organic film 6 is formed between a first electrode 2 and a first organic film 4. 

Fig. 22 shows energy levels before junction of layers of the EL device of this embodiment. The energy levels of 
the first and second organic films 4 and 5 are set to have the following relationship opposite to that in Fig 1 T 

45 • 

E C1 " E C2 > E V1 " E V2 

The levels of the third organic film 6 are set as follows on the basis of the relationship between the first organic film 4 
and the first electrode 2: 

so E C3 ~ E ci 

E V3 < E^ 



E 3 > E M1 

55 where E C3 is the conduction band level, E 3 is the Fermi level, and E^ is the valence band level. 

Fig. 23 is, therefore, an energy band chart of the EL device in which these layers are connected to each other in 
a thermal equilibrium state. Blocking barriers are formed between the first and second organic films 4 and 5 to block 
electrons and holes, respectively, as in the above embodiments. However, a blocking barrier AE C which blocks electrons 



14 



EP 0 390 551 B1 



on the conduction band is formed to be higher than a blocking barrier AE V which blocks holes on the valence band. 
The thickness of the second organic film 5 is smaller than the mean free path of the carriers, and a blocking barrier 
which blocks the flow of holes from the second organic film 5 to the third organic film 6 is not formed. Electrons are 
easily injected from the first electrode 2 into the third organic film 6, and the electrons injected into the third organic 

5 film 6 are supplied to the second organic film 5 without interference. 

Figs. 24A and 24B are energy band charts showing an operation of multi-color light emission in the multi-color EL 
device of this embodiment. Upon application of a biasing voltage, an electric double layer is formed in the blocking 
barrier junction between the first and second organic films 4 and 5, as in the above embodiments. When the biasing 
voltage exceeds a first threshold value Vthl , holes in the second organic film 5 are tunnel-injected into the first organic 

10 film 4 to perform radiative recombination in the first organic film 4, as shown in Fig. 24A. When the biasing voltage is 
further increased to exceed a threshold value Vth2, a large number of holes are injected into the third organic film 6 
to perform radiative recombination in the third organic film 6, as shown in Fig. 24B. In this embodiment therefore, 
mufti-color light emission to cause a biasing voltage to control an emission color can be achieved. 

Detailed embodiments of the mufti-color EL devices respectively shown in Figs. 17 and 21 will be described here- 

15 inafter. 

The device shown in Fig. 17 consisted of the following materials. 
First Electrode 2: erbium film 
Second Electrode 3: ITO film 

First Organic Film 4: bis(dicyano-9-fluorenonyl)ethane 



Second Organic Film 5: bipyrenyl 
Third Organic Film 6: bicoronenyl 

It is confirmed by a displacement current measurement method that these material components satisfy the con- 
50 ditions shown in Fig. 18. The process for manufacturing the device is the same as in the above embodiments. 

When a forward biasing voitage was applied to the obtained EL device, a current of about 5 mA flowed at 5 V, and 
blue light emission with a luminance of 1 ,000 cd/m 2 was obtained. This emission was caused by the second organic 
film 5. When the biasing voltage was increased up to 15 V, a current of about 20 mA flowed, and whitish light emission 
with a luminance of 2,000 cd/m 2 could be obtained. This emission was caused by mixing of orange light emitted from 
35 the third organic film 6 with blue light emitted from the second organic film 5. 

The device shown in Fig. 21 consisted of the following materials. 
First Electrode 2: erbium film 
Second Electrode 3: ITO film 
First Organic Film 4: 
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Second Organic Film 5: 




CN 



C=CH 



COOEt 
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Third Organic Film 6: 
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CN 

COOEt 
CN 

COOEt 

The process for manufacturing the device is the same as in the above embodiments. 

When a biasing voltage was applied to the obtained EL device ! a current of about 5 mA flowed at 5 V, and light 
emission with a luminance of 1 : 000 cd/m2 could be obtained. This emission was caused by the second organic film 5 
When the biasing voltage was increased up to 1 5 V, a current of about 20 mA flowed, and reddish orange light emission 
with a luminance of 2,000 cd/m2 could be obtained. This emission was obtained by mixing of red light emitted from the 
third organic film 6 with yellow light emitted from the second organic film 5. 

In the above embodiments, a case wherein both two layers in a multi-layered structure consisting of two organic 
films serve as emitting layers, and a case wherein two layers in a multi-layered structure consisting of three organic 
films serve as emitting layers have been described. However, the principle of the above embodiments can be widely 
applied to a multi-color EL device having a larger number of emitting layers. 

In a flat panel display which has been recently used for various electronic equipments, a large number of display 
pixels are arranged in a matrix form, and are time<Jrvisionaffy driven. A method for driving the pixels is classified into 
simple and active matrix methods. Regardless of the method used, a drive voltage pulse is applied to one pixel, and 
a voltage application time is extremely short. For this reason, in order to obtain a high-quality image, each pixel must 
have a memory function to some extent. For example, in a liquid crystal display, the capacitance of the liquid crystal 
itself, or a capacitor arranged in parallel with the liquid crystal has the memory function. 

When the organic EL device is applied to such a matrix-driven flat panel display, the device must have a memory 
function. So far, however, such a memory functbn of the organic EL device has not been reported. 

In the organic EL device according to the present invention, since an effect of simultaneous injection and accu- 
mulation of electrons and holes in the organic film is utilized, the light-emission characteristics of the device can have 
a memory function. When electron-injection electrodes are formed on the upper and lower surfaces of the light-emitting 
organic film, only electrons are injected into the organic film upon application of a biasing voltage. The carrier mobility 
of the organic material used for the EL device is as small as 1 0" 3 cnrW-sec. Although electrons injected into such an 
organic material form a space charge, a current which flows at this time serves as an ohmic current (which is in pro- 
portion to a voltage) in a weak electric field. In a strong electric field, this current serves as a space-charge limited 
current (which is in proportion to the square of a voltage) limited by the internal electric field. When one kind of carriers 
are injected into the organic film, therefore, the light-emission characteristics hardly provide a memory function. 

In order to solve the above problem, according to the present invention, of the upper and lower electrodes which 
sandwich the stacked organic films, one electrode is of an electron injection type, and the other electrode is of a hole 
injection type. Therefore, electrons and holes are simultaneously injected and accumulated in the organic films upon 
application of a biasing voltage. An electric-charge state of each organic film is neutralized when carrier recombination 
occurs, thereby increasing the carrier mobility. More specifically, so-called conductivity modulation occurs in the organic 
films, and a resistance is decreased to supply a large current. As a result, when the device is driven by a constant 
voltage, hysteresis characteristics appear in the electrical characteristics of the organic EL device according to the 
present invention. When the device is driven by a constant current, negative resistance characteristics appear. As a 
result, a memory function is generated in the light-emission characteristics. In addition, this memory function appears 
as an afterimage phenomenon. 

Fig. 25 shows voltage - current characteristics obtained when the EL device of the embodiment shown in Fig. 11 
is driven by a constant voltage. As a result of a memory function obtained by carrier accumulation, hysteresis charac- 
teristics appear, as shown in Fig. 25. Similarly, Fig. 26 shows voltage - current characteristics obtained when the device 
of this embodiment is driven by a constant current. As a result of a memory function, negative resistance characteristics 
appear, as shown in Fig. 26. A current represented on the axis of ordinate in each ol Figs. 25 and 26 corresponds to 
light-emission luminance. 

It can be confirmed by the following experiment that the EL device of the embodiment shown in Fig. 11 has the 
above-mentioned memory function. 

First, when the DC electrical characteristics of the device are measured, rectification characteristics shown in Fig. 
27 can be obtained. A current direction with which the first electrode 2 side is set to have a negative polarity is the 
forward direction. As described above, a forward current flows by tunnel injection achieved by forming an electric double 
layer. A current does not flow upon application of a reverse voltage because carriers are not injected from the upper 
and lower electrodes. 

Then, a triangular-wave AC biasing voltage shown in Fig. 32 is applied to the EL device, and a displacement 
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current is measured. A measurement region corresponds to a very small current region near the origin of the voltage 
- current characteristics. This region is surrounded by a broken line in Fig. 27. Fig. 28 shows the obtained potential 
current charactenstics. In a reverse bias region, i.e., on the right side with respect to a point A in Fig 28 carriers are 
not injected into the organic films, as described above, and hence electric charges are accumulated between the upper 
and lower electrodes. At this time, the interelectrode layers serve as a capacitor which sandwiches two organic films 
serving as insulating members. Therefore, the capacitance is small. As a result, the displacement current is also small 
When a biasing voltage approaches a zero bias from the reverse bias region, carrier injection from the electrodes 
into the organic films is started. In general, injection of electrons from the first electrode 2 into the first organic film 4 
does not occur at the same time as injection of holes from the second electrode 3 into the second organic film 5 If the 
injection of electrons occurs prior to the injection of holes, injection of electrons from the first electrode 2 into the first 
organic film 4 starts at the point A in Fig. 28. The injected electrons are accumulated at the blocking barrier junction 
interface between the first and second organic films 4 and 5. At this time, the capacitance is determined by the second 
organic film 5, Le. f substantially twice that obtained when carriers are not injected. The displacement current is there- 
fore, also substantially doubled. When a biasing voltage is further increased along a forward direction and injection 
of holes from the second electrode 3 into the second organic film 5 is started, an electric double layer is formed on the 
interface between the two organic films, as described above. As a result, the capacitance of the device serves as the 
capacitance of the double layer, and is extremely increased. As shown in Fig. 28, therefore, a displacement current is 
largely increased at a point B at which the injection of holes is started. When the biasing voltage is further increased 
a large forward current flows by tunnel injection into the blocking barrier junction, thus causing light emission. 

Thus, when the displacement current characteristics are measured, a state of injection and accumulation of carriers 
in the EL device according to the present invention can be examined. 

Further detailed experimental data will be described below. The EL device shown in Fig. 11 consisted of the fol- 
lowing materials. 
First Electrode 2: ytterbium film 
25 Second Electrode 3: ITO film 

First Organic Film 4: bi(9-malononitrilefluorenyl) 
Second Organic Film 5: bipyrenyl (emitting layer) 

The process for manufacturing the device is the same as in the above embodiments. 

It was confirmed that the displacement current characteristics of the obtained EL device shown in Fig. 28 was 
obtained. In addition, when a forward biasing voltage to set the ITO electrode side at a positive potential was applied 
to the EL device, hysteresis characteristics shown in Fig. 29 could be obtained. In addition, as a result of repetitive 
application of a voltage pulse to set the ITO electrode side at a positive potential, an afterimage effect could be rec- 
ognized in an emission intensity, as shown in Fig. 30. 

Similarly, a memory function was recognized in the structure of the EL devices shown in Figs. 1 , 8, 17, and 21 
In the organic EL device according to the present invention, in order to improve ihe light-emission luminance and 
to control a light-emission wavelength, two types of organic dyes can be effectively mixed with an organic film serving 
as an emitting layer. For example, a light-emitting layer is constituted by an organic film formed by dispersing 10 mot% 
or less of a second organic dye having a light-absorption end at a long wavelength side with respect to a first organic 
dye as a major constituent. The characteristics required for the first organic dye are, e.g., that carriers injected from 
the electrode are efficiently recombined, that dye molecules are efficiently excited by the carrier recombination, and 
that the occurrence of non-radiative recombination process from the excited state is minimized. In addition, ft is impor- 
tant for the first organic dye to allow easy thin film formation, and to have high structural and chemical stability. The 
characteristics required for the second organic dye are that excitation energy can be efficiently received from the first 
organic dye in the excited state to emit light with a specific wavelength. 

In this case, the excited state of the first organic dye is classified into two states, i.e., a singlet and doublet states. 
It is known that, of these two states, fluorescence from the excited singlet contributes to light emission in the organic 
EL device. Therefore, a component which easily allows a singlet - singlet excitation energy transfer is preferably se- 
lected as the second organic dye. Overlapping of a fluorescent spectrum from the first organic dye and a light-absorption 
spectrum from the second organic dye is a reference for selection of the second organic dye. In general, the wavelength 
of the light-absorption end of the second organic dye need only be longer than that of the light-absorption spectrum of 
the first organic dye. 

In the organic EL device, at room temperature, contribution of phosphorescence emitted from the dye in another 
excited state, i.e., a triplet state, is not recognized. This is because, a large number of organic dyes do not show 
phosphorescence at a normal temperature although they show phosphorescence at low temperatures. Therefore, it is 
effective to select a component which receives energy from the first organic dye in the excited triplet state to be excited, 
and emits phosphorescence or fluorescence at a normal temperature, as the second organic dye. 

The second organic dye dispersed in the first organic dye is not limited to one type, but two or more types of dyes 
may be dispersed. For example, when an organic dye which receives energy from the first organic dye in the excited 
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singlet state, and an organic dye which receives energy from the excited triplet state are dispersed in the first organic 
dye, light can be emitted more efficiently. In addition, when a plurality of dye are dispersed in the first organic dye as 
the second organic dye, light-emission characteristics with many wavelengths can be obtained. More specifically, when 
the second organic dye is selected, light-emission intensities of red, green, and blue can be controlled, thereby effi- 
ciently obtaining white light emission. 

The above description will be summarized hereinafter. It is effective to disperse the second organic dye in the first 
organic dye in order to solve the following problems which occur when an emitting layer is constituted by only one dye. 
The first problem is that it is difficult to generate phosphorescence from the excited triplet state during a light-emission 
process in a normal organic dye. The second problem is that if non-emitting sites are present at a rate of at least one 
per 10 3 to 10 s molecules during the transfer process of the excitation energy, Ijght emission is not observed. The third 
problem is that when molecules in the excited state are polymerized and stabilized, the light-emission wavelength is 
shifted to the long wavelength side. 

The first problem can be solved by using an organic dye which can emit phosphorescence at a normal temperature 
as the second organic dye. Therefore, energy from the first organic dye in the excited triplet state can be efficiently 
utilized. Such organic dyes include, e.g., a dye having a carbonyl group, a dye in which hydrogen is substituted by 
heavy hydrogen, and a dye containing a heavy element such as a halogen. These substitution groups function to 
accelerate emission of phosphorescence. However, it is not preferable to add such an organic dye at a high concen- 
tration because it causes degeneration of the excited singlet 

The second problem can be solved by dispersing the second organic dye in the first organic dye at a concentration 
20 higher than the non-emitting sites. Therefore, the transfer of energy of the first organic dye in an excited state, in 
particular, an excited singlet state to the non-emitting site can be prevented, and the energy transfer to the second 
organic dye occurs. As a result, high-efficiency light emission can be achieved. 

The third problem can be solved by transferring energy of the first organic dye to the second organic dye before 
the first organic dye in the excited state is polymerized and stabilized. 
2S When a ratio of the second organic dye in the first organic dye is increased, the above-mentioned second and 

third problems occur in the dispersed second organic dye itself. The ratio of the second organic dye with respect to 
the first organic dye must, therefore, be suppressed at a proper value to keep the second organic dye in an isolated 
state. According to the experiment by the present inventors, if the ratb of the second organic dye with respect to the 
first organic dye exceeds 10 mol%, the probability of dimerization or polymerization of the excited second organic dye 
30 is increased. As a result, the wavelength of the emitted light is shifted toward the long-wavelength side as compared 
with light emission from the isolated second organic dye. Thus, the ratb of the second organic dye to be dispersed in 
the first organic dye is preferably suppressed to be 10 mol% or less. 

A method for forming a light-emitting layer by dispersing the second dye in the first organic dye is classified into 
the following two methods. For example, the sublimated and refined first organic dye material is selected for the first 
35 organic dye, and the second organic dye material is mixed with the first organic dye material at a ratio of 0.01 to 1 
mor%. This mixed material is heated and fused under stirring in a quartz container while an argon gas is added. After 
the crystals are perfectly mixed with each other, the resultant mixture is relatively quickly cooled and solidified. Using 
the obtained material, a light-emitting layer is formed by vacuum sublimation. 

More specifically, an EL device having a light-emitting layer obtained by dispersing the second organic dye in the 
^o first organic dye was manufactured and its characteristics were measured. The structure of the EL device is the same 
as in Fig. 1, and materials therefor are selected as follows. 
First Electrode 2: erbium film 
Second Electrode 3: ITO film 
First Organic Film 4: 

45 
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Third Organic Film: 6 
First Organic Dye: bipyrenyl 
Second Organic Dye: bicoronehyl 

In the EL device having the light-emitting layer containing such two types of organic dyes, a current of about 4 mA 
s flowed at a DC voltage of 30 V, and light emission with a maximum luminance of 5,000 cd/m 2 could be obtained. The 
light-emission spectrum is slightly shifted toward the long-wavelength side as compared with a case wherein only the 
first organic dye is used. As a result of measurement of a relationship between an addition amount of the second 
organic dye and the intensity of light emission, it was found that the addition amount of the second organic dye preferably 
falls within the range ot 0.1 to 1 mor%. 

10 As described above, in order to improve the light-emission luminance, it is effective for the device of other embod- 
iments except for the EL device shown in Fig. 1 to mix two types of organic dyes in the light -emitting layer. 

As the second organic dye contained in the light-emitting layer, e.g., (a) a condensed polycyclic aromatic dye 
consisting of only elements C and H, (b) a condensed polycyclic aromatic dye containing in its skeleton a hetero atom 
such as O, N, or S besides elements C and H, or (c) a fluoroscent dye developed for a dye laser can be used. 

75 The organic dye material used in the present invention will be described hereinafter in detail. In general, the fol- 

lowing conditions are required for an organic EL device. That is, (1) high emission efficiency, (2) a high luminance, (3) 
blue light emission which cannot be obtained in a conventional LED, (4) driving at a low voltage : and the like. Of the 
above conditions, with regard to the conditions (1 ) and (2), it is important to optimally select the electronic properties 
of electron donor-type and electron-acceptor type dyes. As for the condition (3), it is important to select a dye with a 

20 large band gap as a dye used for a light-emitting layer. A band gap corresponding to blue light emission (k ~ 460 nm) 
is about 2.7 eV. Since the position of light emission is shifted toward the long-wavelength side from the absorption 
position, the. absorption position of the dye, i.e., a band gap : must be 3 eV or more. As for the condition (4), since a 
high-intensity electric field must be applied to the organic film, it is important to decrease the thickness of the organic 
film. However, it is not easy to decrease the thickness of the organic film, and to obtain high reliability of the device at 

25 the same time. This is because of the following reason. As described in the above embodiments, the organic EL device 
is obtained by sequentially stacking organic films on a transparent electrode formed on a transparent substrate, and 
depositing a metal on the uppermost layer. The organic film normally has a thickness of 100 to 1,000 nm. Vacuum 
evaporation of the upper electrode is performed under the conditions of a vacuum degree of 1.013 x 1Cr 1 - 1 .013 x 
10* 2 Pa (10 -5 to 10 -6 Torr), and a temperature 200 to 300 B C. When vacuum evaporation is performed under the above 

30 conditions, the organic film which has been formed is affected by heat radiated from an evaporation source or heat 
transmitted by a flying metal atomic beam. The worst effect is as follows. When the dye has a small molecular weight, 
its evaporation pressure is high. Therefore, the dye is sublimated again due to the above-mentioned heat to cause 
defects. In addition, heat fuses the organic film to cause defects, thus undesirably disabling application of a predeter- 
mined voltage. When a light-emitting dye such as anthracene, which has a small molecular weight and emits blue light, 

3S is used in practice, a production yield of the device is extremely low. 

In consideration of the above situation, a polymer obtained by linking two or more dyes each having a band gap 
of 3 eV or more via a non-conjugated link is preferably used as an organic dye used for an organic EL device. When 
such a polymer is used, re-sublimation of the organic film during the vacuum evaporation process of electrodes can 
be prevented. In addition, the molecular weight of each organic dye used for a light-emitting layer is preferably 400 or 

*o more. This is based on the finding obtained by measuring evaporation pressures of various condensed cyclic aromatic 
dyes having different molecular weights under the conditions of vacuum degree of 1 .01 3 x 1 0* 1 - 1 .01 3 x 1 0' 2 Pa (10' 5 
to 10 -6 Torr), and a temperature of 200 to 300°C upon formation of the upper electrode. In this case, the evaporation 
pressures are slightly different from each other depending on a method of linking a benzene ring even if the molecular 
weights are equal to each other. However, a relationship between a molecular weight M and an evaporation pressure 

45 p substantially satisfies the lollowing equation: 

togP = -B.IWT + C 

where T is the temperature, and B and C are constants. 

It was found in accordance with the experimental result that the evaporation pressure of a dye having a molecular 

so weight of 400 or more was 1.013x 10* 2 - 1.013X 10" 1 Pa (10* 5 to 10' 6 Torr) at 200 to 300° C 

Various molecules can be used as such a dye molecule having a large molecular weight. In order to satisfy all the 
above-mentioned conditions (1) to (4), however, a molecular structure must be taken into consideration. For example, 
a derivative of a condensed polycyclic aromatic molecule having an increased n electronic conjugated system can be 
exemplified as a dye molecule with a large molecular weight. In general, these dyes are of an electron donor type. 

ss Therefore, these dyes are used for hole transport layers. In order to use a derivative of a condensed polycyclic aromatic 
molecule as an electron movement layer, an aromatic skeleton is derived to have a quinoid structure, or a netro-, cyano, 
or halogen-group is introduced to impart an electron acceptor property. In addition, a polyphiline metal complex and a 
phthalocyanine metal complex are known as dye molecules with a large molecular weight. 
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It is, however, difficult to emit blue light in a dye molecule having a large condensed polycyclic aromatic molecule 
as a basic skeleton, or a dye molecule having a polyphiline metal complex or a phthalocyanine metal complex as a 
basic skeleton. In addition, the synthesis of the dye molecules, and control of the electron acceptor or electron donor 
property are also difficult In order to solve these problems, a polymer obtained by linking two or more organic dyes 
each having a band gap of 2.6 eV or more via a non-conjugated link may be used. In this case, an organic dye with a 
band gap of Z6 eV or more serving as a monomer may have a molecular weight of 1 00 to 400. A non conjugated link 
for linking these organic dyes includes a carbon - carbon link, a hydrocarbon residue, an ester link, a carbonyl residue, 
an amide link, and an ether link. These organic dyes may be linked to a straight chain polymer in a pendant-like manner. 
In this case, the non-conjugated link is a repeating unit which constitutes a straight chain. 

Examples of the light-emitting organic dyes each consisting of a polymer obtained by combining two or more 
organic dyes with a band gap of 2.6 eV or more via a non-conjugated link are shown in tables 1 to 6. Tables 1 and 2 
respectively show examples of a light-emitting donor-type and acceptor-type organic dyes each having a non-conju- 
gated link of a carbon - carbon single link or hydrocarbon residue (= CH - CH=). Tables 3 and 4 respectively show a 
donor and an acceptor each serving as a monomer which constitutes a light-emitting organic dye. Table 5 shows 
examples of combinations of, e.g., an ester link, a carbonyl residue, an amide link, and an ether link as non-conjugated 
links. In Table 5, reference symbol R denotes a donor or an acceptor. Table 6 shows examples of light-emitting organic 
dyes obtained by linking the donor or acceptor R with a straight chain polymer serving as a monomer in a pendant- 
like manner. 
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Table 1 
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bicoronenyl 




C32H18 
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CH-CH 
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bidibenzotetrathiafluvalenyl 
Table 2 



NC CN 




NC CN 



C 3 oH 14 N4 
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C26H10N2O4 
dinitrobifluorenonyl 




0 N0 2 



N0 2 NO, ^ ° K0 2 

hexanitrobifluorenonyl 

N0 2 0 

N0 2 0 N0 2 
C 2 8H 8 N 6 0 16 
hexanitrobiantraquinonyl 
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Table 3 



— CH 2 




-H 2 C 




anthrymethyl pyrenylmethyl 
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N , N-dipheny laminopheny 1 
Table 4 
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trinitrofluorenonyl nitroanthrylmethyl nitroanthra- 

quinonyl 
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H .CN 
C=C( 



dicyanoethenylphenyl 




H y CN 
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\ COOC 2 H 5 



cyanoethoxy- 

carbonylethenyl 

phenyl 



dichlorona- 
phtoquinonyl 
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Table 5 




O 0 0 

perylenetetraester terephthalicdiester 




tetraester 

benzenetriester benzenotetraester 

The following non-conjugated links can be 
substituted for ester link 



H 

C — C N— CH 2 

o o 

carbonyl link amide link methyl link 



O — CH 2 O ^N- 



oxo link \o 
oxymethylene link 

imide link 
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Table 6 



polyacrylamide 



40 polystyrene 



CH- 



H (CH 2 - CH-)^ H H (CH 2 - CH^ H 

c=o c=o 

I I 

OR OR 

polyacrylate derivative polymethacrylate 



O 
i 

H (CH 2 - CH-)- H H (NH - CH - Cf- H 

NH R 
R 



polyemide 



H (CH 2 - CH}^ H H \CH 2 - CHy^ H 

^ix xi^ 




polyoxostyrene 
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In the above embodiments, an erbium (Er) film and a ytterbium (Yb) film are used as the first electrode which injects 
electrons into the organic films. In the organic EL device according to the present invention, the following properties 
are required for the first electrode. That is, easy injection of electrons into the organic film, i.e. : a small work function, 
easy vacuum evaporation, high chemicaJ stability, and the like. From such viewpoints, other rare earth elements such 
so as neodymium (Nd) and gadolinium (Gd) can be used as the first electrode. 

Claims 

55 1. An organic electroluminescent device comprising: 

first and second electrodes (2, 3) opposite to each other; and 

a multi-layered body consisting of a plurality of organic films including at least one light-emitting layer, said 
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multi-layered body being sandwiched between said electrodes (2, 3), and comprising 

a first organic film (4) and a second organic film (5) formed to be in contact with each other, said first organic 

film (4) being positioned on one side of said first electrode (2), characterised in that 

the materials of said organic films (4, 5) are selected such that the following inequalities are satisfied: 

E C1 > E C2 



E V1 > E V2 



where E C1 and Eyi are energy differences between a vacuum level and a lower end of a conduction band 
and the vacuum level and an upper end of a valence band of a first organic film (4) on said first electrode (2) 
side of said multi-layered body, respectively, and 

E C2 and E^ are energy differences between a vacuum level and a lower end of a conduction band, and the 
vacuum level and an upper end of a valence band of a second organic film (5) on said second electrode (3) 
side of said multi-layered body, respectively and that as a consequence the junction between said first and 
second organic films has a blocking barrier which blocks the flow of electrons from said first organic film (4) 
into said second organic film (5), and a blocking barrier which blocks the flow of holes from said second organic 
film (5) into said first organic film (4), and that electrons injected from said first electrode (2) into said first 
organic film (4) and holes injected from said second electrode (3) into said second organic film (5) are accu- 
mulated at said junction to form an electric double layer when a biasing voltage is applied between said first 
and second electrodes (2, 3) to set said second electrode (3) at a positive potential, and at least one type of 
electrons and holes which constitute said electric double layer tunnel a blocking barrier formed in said junction 
at a predetermined threshold voltage to recombine with the other type, thus achieving light emission. 

2. An organic electroluminescent device according to claim 1 , characterized in that said multi-layered body includes: 

a third organic film (6) in contact with said first electrode (2); 
a fourth organic film (7) in contact with said second electrode (3); 

said third and fourth organic films each having a band gap greater than those of said first and second orqanic 
films; 

and that said first and second organic films (4, 5) serving as light-emitting layers. 

3. An organic electroluminescent device according to claim 2, characterized in that the following inequalities are 
satisfied: 

E C3 ~ E C1 > E C2 > E C4 
E V4 ~ E V2 < E V1 < E V3 



where E C1 and E^ are energy differences between a vacuum level and a tower end of a conduction band, 
and the vacuum level and an upper end of a valence band of said first organic film (3), respectively; 
E C2 and E^ are energy differences between a vacuum level and a lower end of a conduction band, and the 
vacuum level and an upper end of a valence band of said second organic film (4); 

E C3 and Eya are energy differences between a vacuum level and a lower end of a conduction band, and the 
vacuum level and an upper end of a valence band of said third organic film (6), respectively; and 
E C4 and E v4 are energy differences between a vacuum level and a lower end of a conduction band, and the 
vacuum level and an upper end of a valence band of said fourth organic film (7), respectively.. 

L An organic electroluminescent device according to claim 1 , characterized in that said multi-layered body includes: 

said first organic film (4), serving as a first light-emitting layer, in contact with said first electrode (2); and 
said second organic film (5), serving as a second light-emitting layer, in contact with said second electrode 
(3), their materials being selected such that 

electrons injected from said first electrode (2) into said first organic film (4) and holes injected from said second 
electrode (3) into said second organic film (5) are accumulated at a blocking barrier junction between said first 
and second organic films (4, 5) when a biasing voltage is applied between said first and second electrodes 
(2, 3) to set said second electrode (3) at a positive potential, and 

of the accumulated electrons and holes, the electrons are tunnel-injected into said second organic film (5) at 
a first threshold voltage to perform radiative recombination in said second organic film (5), and the holes are 
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tunnel-injected into said first organic film (4) at a second threshold voltage different from the first threshold 
voltage to perform radiative recombination in said first organic film (4). 

5 An organic electroluminescent device according to claim 4, characterized in that said first and second organic'films 
' (4. 5) have the following relationship, and hence the first threshold voltage is set to be smaller than the second 

threshold voltage: 

E C1 " E C2 * E V1 " E V2' 

6 An organic electroluminescent device according to claim 4. characterized in that said first and second organic films 
' (4, 5) have the following relationship, and hence the first threshold voltage is set to be larger than the second 

threshold voltage: 

E C1 " E C2 * E V1 " V 2- 

7. An organic electroluminescent device according to claim 1 , characterised in that said multi-layered body.includes: 
said first organic film (4) in contact with said first electrode (2); 

said second organic film (5). serving as a first light-emitting layer, in contact wrth said first organic film (4), and 
a third organic film (6). serving as a second light-emitting layer, sandwiched between said second organs film 
(5) and said second electrode (3). the materials being selected such that 

electrons injected from said first electrode (2) into said first organic film (4) and holes injected from said I second 
electrode (3) into said second organic film (5) Ihrough said Ihird organic film (6) are accumulated at a blocking 
barrier junction between said first and second organic films (4, 5) when a biasing voltage is applied between 
said first and second electrodes (2. 3) to set said second electrode (3) at a positive potential, and 
of the accumulated electrons and holes, the electrons are tunnel-injected into said second organs film (5) at 
a first threshold voltage to perform radiative recombination in said second organic film (5). and are transported 
to said third organic film (6) at a second threshold voltage to perform radiative recombination in said th.rd 
organic film (6). 

a An organic electroluminescent device according to claim 7. characterized in that the following inequalities are 

satisfied: 

E C1 " E C2 < E vi " E V2 
E C2 < E C3 

where E C3 and E v3 are energy differences between a vacuum level and a lower end of a conduction band, and 
the vacuum level and an upper end of a valence band of said third organic film, respectively. 

ic electroluminescent device according to claim 1 , characterized in that said multi-layered body includes: 



9. An organic 



said first organic film (4) serving as a first light-emitting layer; , . ,„.. anH 

said second organic film (5) sandwiched between said first organic film (4) and said second electrode (3) and 
Tthird organic film (6). serving as a second light-emitting layer, sandwiched between said first organ.c film (4) 
and said first electrode (2). the materials being selected such that 

electrons injected from said first electrode (2) into said first organic film (4) through sa.d th.rd organic film 6) 
and holes injected from said second electrode (3) into said second organic film (5) are accumulated at a 
blocking barrier junction between said first and second organic films (4, 5) when a biasing voltage is applied 
oSween said first and second electrodes (2. 3) to set said second electrode (3) at a posifive poten t a and 
of the accumulated electrons and holes, the holes are tunnel-injected into said first organ.c film 
threshold voltage to perform radiative recombination in said first organic film (4), and are transported to said 
trM organic film (6) at a second threshold voltage to perform radiative recombination in said th.rd organic film 
(6). 

10. An organic electrolum^escent device according to claim 9. characterized in that the following inequalities are 
satisfied: 
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E C1 * E C2 < E V1 * E V2 
E C3 ~ E C1 



E V3 < E V1 



10 



15 



where E^ and E V3 are energy differences between a vacuum level and a lower end of a conduction band : and 
the vacuum level and an upper end of a valence band of said third organic film (6), respectively. 

Patentanspruche 

1. Organische Elektroluminiszenzvorrichtung mil einer ersten und zweiten Elektrode (2, 3), die einander gegenuber- 
liegen, und 

einem Vielschichtkorper bestehend aus einer Vielzahl von organischen Filmen mit zumindest einer lichtemit- 
tierenden Schicht. wobei der vielschichtkorper zwischen die Elektroden (2, 3) eingef ugt ist und 
einen ersten organischen Film (4) und einen zweiten organischen Film (5) enthatt, die so ausgebildet sind, 
daB sie miteinander in Kontakt stehen : wobei der erste organische Film (4) auf der einen Seite der ersten 
20 Elektrode (2) angeordnet ist, 

dadurch gekennzeichnet, daS 

die Materialien der organischen Filme (4, 5) derart ausgewahlt sind, daB die den folgenden Ungleichungen 
25 genOgen: 

E C1 > E C2 
E V1 > E V2 

30 wobei E C1 und E V1 Energiediff erenzen zwischen einem Vakuumniveau und dem unteren End© eines Leitungs- 

bands bzw. dem Vakuumniveau und dem oberen Ende eines valenzbands des ersten organischen Films (4) 
auf der Seite der ersten Elektrode (2) des Vietschichtkorpers und 

E C2 und Eva Energiedrflerenzen zwischen dem vakuumniveau und dem unteren Ende eines Leitungsbands 
bzw dem Vakuumniveau und dem oberen Ende eines Valenzbands des zweiten organischen Films (5) auf 

35 der Seite der zweiten Elektrode (3) des Vielschichtkorpers darstellen, und daB folglich der Obergang zwischen 

dem ersten und dem zweiten Film eine Blockiersperre bzw. Sperrschicht. die den ElektronenfluB vom ersten 
organischen Film (4) in den zweiten organischen Film (5) blockiert, und eine Blockiersperre bzw. Sperrschicht, 
die den LocherfluB vom zweiten organischen Film (5) in den ersten organischen Film (4) blockiert, besitzt, 
und daB Elektronen, die von der ersten Elektrode (2) in den ersten organischen Film (4) injiziert sind, und 

40 Locher. die von der zweiten Elektrode (3) in den zweiten organischen Film (5) injiziert sind, an dem Ubergang 

unter Bildung einer elektrischen Doppelschicht angesammelt sind, wenn eine Vbrspannung zwtschen der er- 
sten und der zweiten Elektrode (2. 3) angelegt ist, urn die zweite Elektrode (3) auf positives Potential zu 
bringen, und mindestens ein Typ der Elektronen und Locher, die die elektrische Doppelschicht darstellen, etne 
in dem Ubergang ausgebildete Blockiersperre bzw. Sperrschicht bei einer vorbestimmten Schwellspannung 

45 durchtunneft, urn mit dem anderen Typ unter Lichtemission zu rekombinieren. 

2. Organische Elektroluminiszenzvorrichtung nach Anspruch 1 , dadurch gekennzeichnet. daB der Vielschicht kdrper 

einen dritten organischen Film (6) in Kontakt mit der ersten Elektrode (2) und 
so einen vierten organischen Film (7) in Kontakt mit der zweiten Elektrode (3) umfaSt, 

wobei der dritte und vierte organische Film jeweils einen groBeren Bandabstand besitzen als der erste und 
zweite organische Film, und daB 

der erste und zweite organische Film (4, 5) als Lichtemissionsschichten dienen. 

3. Organische Elektroluminiszenzvorrichtung nach Anspruch 2, dadurch gekennzeichnet, daB folgende Ungleichun- 
gen erfullt sind: 



55 



E C3 = E ci > E C2 > E C4 
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E V4 = E V2 < E V1 < E V3 



wobei E C1 und E V1 Energiediff erenzen zwischen einem Vakuumniveau und dem unteren Ende eines Leitungs- 
bands bzw. dem Vakuumnrveau und dem oberen Ende eines Valenzbands des ersten organischen Films (4), 
E und Ev2 Energiediff erenzen zwischen dem Vakuumniveau und dem unteren Ende eines Leitungsbands 
bzw dem Vakuumniveau und dem oberen Ende eines Valenzbands des zweiten organischen Films (5), 
E und Eva Energieditterenzen zwischen dem Vakuumniveau und dem unteren Ende eines Leitungsbands 
bzw. dem Vakuumniveau und dem oberen Ende eines Valenzubands des dritten organischen Films (6) und 
Ec4 und E V4 Energieditterenzen zwischen dem Vakuumniveau und dem unteren Ende eines Leitungsbands 
bzw. dem Vakuumniveau und dem oberen Ende eines Valenzbands des vierten organischen Films (7) dar- 
stellen. 

Organische Elektroluminiszenzvorrichtung nach Anspruch 1 . dadurch gekennzeichnet, daB der Vielschichtkorper 

den ersten organischen Film (4), der als erste Lichtemissionsschicht dient und mit der ersten Elektrode (2). in 

Kontakt steht und r , ^ 

den zweiten organischen Film (5); der als zweite Lichtemissionsschicht dient und mil der zweiten Elektrode 
(3) in Kontakt steht, umfaBt, wobei deren Materialien derart ausgewahlt sind, daB 

die von der ersten Elektrode (2) in den ersten organischen Film (4) injizierten Elektronen und die von der 
zweiten Elektrode (3) in den zweiten organischen Film (5) injizierten Locher an einem Btockiersperr-bzw. Sperr- 
schichtubergang zwischen dem ersten und dem zweiten Film (4, 5) angesammelt sind, wenn eine Vorspan- 
nung zwischen der ersten und der zweiten Elektrode (2, 3) angelegt ist, urn die zweite Elektrode (3) auf po- 
sitives Potential zu bringeh, und 

von den angesammelten Elektronen und Lochem die Elektronen bei einer ersten Schwellspannung in den 
zweiten organischen Film (5) tunnelinjiziert sind, urn eine Strahlungsrekonubination im zweiten organischen 
Film (5) durchzufuhren, und die Lecher bei einer zweiten, von der ersten verschiedenen Schwellspannung in 
den ersten organischen Film (4) tunnelinjiziert sind, urn eine Strahlungsrekombination im ersten organischen 
Film (4) durchzufuhren. 

Organische Elektroluminiszenzvorrichtung nactvAnspruch 4, dadurch gekennzeichnet, daB der erste und zweite 
organische Film (4, 5) folgende Beziehung besitzen, und daher die erste Schwellspannung niedriger emzustellen 
ist als die zweite Schwellspannung: 

E ci * E C2 < E V1 " E V2- 

Organische Elektroluminiszenzvorrichtung nach Anspruch 4, dadurch gekennzeichnet, daB der erste und zweite 
organische Film (4, 5) folgende Beziehung besitzen. und daher die erste Schwellspannung hoher e.nzustellen .st 
als die zweite Schwellspannung: 

E ci " E C2 > E V1 " E V2- 

Organische Elektroluminiszenzvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB der vielschichtkorper 
den ersten organischen Film (4), der mit der ersten Elektrode (2) in Kontakt steht, 

den zweiten organischen Film (5), der als erste Lichtemissionsschicht dient und mit dem ersten organischen 
Film (4) in Kontakt steht, und . 
einen drrtten organischen Film (6), der als zweite Lichtemissionsschicht dient und zwischen den zweiten or- 
ganischen Film (5) und die zwerte Elektrode (3) eingef ugt ist, umfaBt, wobei die Materialien derart ausgewahlt 

die^von der ersten Elektrode (2) in den ersten organischen Film (4) injizierten Elektronen und die von der 
zweiten Elektrode (3) durch den dritten organischen Film (6) in den zweiten organischen Film (5) "jraerten 
Lecher an einem Blockiersperr- bzw, SperrschichtObergang zwischen dem ersten und derr » zwerten Film (4 
5) angesammelt sind wenn eine Vorspannung zwischen der ersten und der zweiten Elektrode (2, 3) angelegt 
ist, urn die zweite Elektrode (3) auf positives Potential zu bringen, und 

von den angesammelten Elektronen und Lochem die Elektronen bei einer ersten Schwellspannung in den 
zweiten organischen Film (5) tunnelinjiziert sind, urn eine Strahlungsrekombination im zweiten organischen 
Film (5) durchzufuhren, und bei einer zweiten Schwellspannung zum dritten organischen Film (6) transports 
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sind, um eine Strahlungsrekombination im dritten organischen Film (6) durchzufuhren. 

8. Organ ische Elektroluminiszenzvorrichtung nach Anspruch 7, dadurch gekennzeichnet, daB lolgende Unglerchun- 
gen erfullt sind: 

^ci " ^C2 < ^vi " ^V2 
E C2 < E C3 

E V2 = Eyj 

wobei Eq3 und E^, Energiedifferenzen zwischen einem Vakuumniveau und dem unteren Ende eines Leitungs- 
bands bzw. dem \fokuumniveau und dem oberen Ende eines Valenzbands des dritien organischen Films darstellen. 

9. Organische Elektroluminiszenzvorrichtung nach Anspruch 1 , dadurch gekennzeichnet, daB der Vielschichtkorper 



den ersten organischen Film (4), der ats erste Lichtemissionsschicht dient 

den zweiten organischen Film (5), der zwischen den ersten organischen Film (4) und die zweite Elektrode (3) 
eingefugt ist, und 

einen dritten organischen Film (6), der als zweite Lichtemissionsschicht dient und zwischen den ersten orga- 
20 nischen Film (4) und die erste Elektrode (2) eingefugt ist, umfaBt, wobei die Material ien derart ausgewahit 

sind, daB 

die von der ersten Elektrode (2) durch den dritten organischen Film (6) in den ersten organischen Film (4) 
injizierten Elektronen und die von der zweiten Elektrode (3) in den zweiten organischen Film (5) injizierten 
Lecher an einem Blockiersperr- bzw. Sperrschichtubergang zwischen dem ersten und dem zweiten Film {4, 
25 5) angesammelt sind, wenn eine Vorspannung zwischen der ersten und der zweiten Elektrode (2, 3) angelegt 

ist, um die zweite Elektrode (3) aut positives Potential zu bringen, und 

von den angesammetten Elektronen und Ldchem die Locher bei einer ersten Schwellspannung in den ersten 
organischen Film (4) tunnelinjiziert sind, um eine Strahlungsrekombination im ersten organischen Film (4) 
durchzufuhren, und bei einer zweiten Schwellspannung zum dritten organischen Film (6) transportiert sind, 
30 um eine Strahlungsrekombination im dritten organischen Film (6) durchzufuhren. 

10. Organische Elektroluminiszenzvorrichtung nach Anspruch 9, dadurch gekennzeichnet, daB folgende Ungleichun- 
gen erfullt sind: 



E ci * E C2 < E vi " E V2 



E C3 = E C1 



^V3 < ^vi 



wobei Ec3 und E v2 Energiedifterenzen zwischen einem Vakuumniveau und dem unteren Ende eines Leitungs- 
bands bzw. dem Vakuumniveau und dem oberen Ende eines valenzbands des dritten organischen Films (6) dar- 
stellen. 



45 Revendications 

1. Dispositif electroluminescent organique comprenant : 

des premiere et seconde electrodes (2, 3) se faisant face Tune I'autre ; et 
50 un corps multicouche const itue par une plurality de films organiques incluant au moins une couche emettrice 

de lumiere, ledit corps multicouche etant pris en sandwich entre lesdites electrodes (2, 3), et comprenant: 
un prernier film organique (4) et un second film organique (5) formes de maniere a etre en contact I'un avec 
I'autre, ledit premier film organique (4) etant positionnS sur un cote de ladite premiere electrode (2), 

55 caracterise en ce que : 

les matertaux desdits films organiques (4, 5) sont choisis de telle sorte que les inegalites suivantes soient 
satisfaites : 
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E C1 > E C2 
E V1 > E V2 

ou E C1 et E V1 sont respectivement des differences d'Snergie entre un niveau de vide et une extremite inf Srieure 
cfune bande de conduction et le niveau de vide et une extremite superieure cfune bande de valence cf un 
premier film organique (4) sur le c6te de ladite premiere electrode (2) dudit corps multicouche ; et 
E C2 et E V2 sont respectivement des differences cf^nergie entre un niveau de vide et une extremity interieure 
d'une bande de conduction et le niveau de vide et une extremrte superieure cfune bande de valence d'un 
second film organique (5) sur un cote de ladrte seconds electrode (3) dudit corps multicouche et en ce qu'en 
tant que consequence, la jonction entre lesdits premier et second films organiques presente une barriere de 
blocage qui bloque le flux des electrons depuis ledit premier, film organique (4) jusque dans (edit second film 
organique (5), et une barriere de blocage qui bloque le flux des trous depuis ledit second film organique (5) 
jusque dans ledit premier film organique (4) t et les electrons injectes depuis ladite premiere electrode (2) 
jusque dans ledrt premier film organique (4) et les trous injectes depuis ladite seconde electrode (3) jusque 
dans ledit second film organique (5) s'accumulent au niveau de ladite jonction pour former une double couche 
electrique lorsqu'une tension de polarisation est appliquee entre lesdites premiere et seconde Electrodes (2, 
3) afin d'etablir ladite seconde electrode (3) a un potentiel positif, et au moins un type d'electrons et de trous 
qui constituent ladite double couche Siectrique r6alisent un effet tunnel d'une barriere de blocage fomrtee dans 
ladrte jonction a une tension de seuil predetermine pour une recombhaison avec I'autre type, d'ou I'obtention 
d'une Emission de lumiere. 

Dispositif electroluminescent organique selon la revendication 1, caracterise en ce que ledit corps multicouche 
inclut 

un troisieme film organique (6) en contact avec ladite premiere electrode (2); 
un quatrieme film organique (7) en contact avec ladite seconde electrode (3); 

lesdits troisieme et quatrieme films organiques pr6sentent chacun une bande interdrte superieure a celles 
desdits premier et second films organiques ; et en ce que 

lesdits premier et second films organiques (4. 5) jouent le r6le de couches emettrices de lumiere. 

Dispositif electroluminescent organique selon la revendication 2, caracterisS en ce que les inegalites suivantes 
sont satisfaites : 

E C3 = E C1 > E C2 > E C4 
E V4 = E V2 < E V1 < E V3 

ou E C j et E V1 sont respectivement des differences d'energie entre un niveau de vide et une extremity interieure 
cfune bande de conduction et le niveau de vide et une extremite superieure cfune bande de valence dudit 
premier film organique (3) ; 

E C2 et E V2 sonl respectivement des differences d*6nergie entre un niveau de vide et une extremite interieure 
cfune bande de conduction et le niveau de vide et une extremite superieure cfune bande de valence dudit 
second film organique (4); 

Eca e * E va sor ^ respectivement des differences c?6nergie entre un niveau de vide et une exttemite inferieure 
d'une bande de conduction et le niveau de vide et une extremite superieure cfune bande de valence dudit 
troisieme film organique (6); et 

^C4 e * ^V4 sont respectivement des differences dtenergie entre un niveau de vide et une extremite inferieure 
cfune bande de conduction et le niveau de vide et une extremite superieure cfune bande de valence dudit 
quatrieme film organique (7). 

Dispositif electroluminescent organique selon la revendication 1 , caracterisd en ce que ledit corps multicouche 
inclut : 

ledit premier film organique (4) qui joue le r6le de premiere couche emettrice de lumiere, en contact avec 
ladite premiere electrode (2); et 

ledit second film organique (5) qui joue le r6le de seconde couche emettrice de lumiere, en contact avec ladrte 
seconde electrode (3), leurs materiaux etant choisis de telle sorts que : 
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des electrons injectes depuis ladite premiere electrode (2) jusque dans ledit premier film organique (4) et des 
trous injectes depuis ladite seconde electrode (3) jusque dans ledit second film organique (5) soient accumules 
au niveau cfune jonction de barriere de blocage entre lesdits premier et second films organiques (4, 5) lors- 
qu'une tensbn de polarisation est appliquee entre lesdites premiere et seconde electrodes (2, 3) afin d'etablir 
ladite seconde electrode (3) a un potentiel positif ; et 

parmi les electrons et les trous accumules, les electrons sont injectes par effet tunnel jusque dans ledit second 
film organique (5) a une premiere tensbn de seuil afin de realiser une recombinaison rayonnants dans ledit 
second film organique (5) et les trous sont injectes par effet tunnel jusque dans ledit premier film organique 
(4) a une seconde tension de seuil diff erente de la premiere tension de seuil afin de realiser une recombinaison 
rayonnante dans ledit premier film organique (4). 

Dispositif electroluminescent organique selon la revendication 4, caracterise en ce que lesdits premier et second 
films organiques (4, 5) presentent la relation qui suit et par consequent, la premiere tension de seuil est etablie 
de maniere a etre inferieure a la seconde tensbn de seuil : 

E ci " E C2 < E vi " E V2" 

Dispositif electroluminescent organique selon la revendication 4, caracterise en ce que lesdits premier et second 
Rims organiques (4, 5) presentent la relation qui suit et par consequent, la premiere tension de seuil est etablie 
de maniere a etre superieure a la seconde tension de seuil : 

E C1 " E C2 > E V1 " E V2" 

Dispositif electroluminescent organique selon la revendication 1 , caracterise en ce que ledit corps multicouche 
inclut : 

ledit premier film organique (4) en contact avec ladite premiere electrode (2); 

ledit second film organique (5) qui joue le role de premiere couche emettrice de lumiere en contact avec ledit 
premier film organique (4); et 

un troisieme film organique (6) qui joue le r6le de seconde couche emettrice de iumiere, pris en sandwich 
entre ledit second film organique (5) et ladite seconde electrode (3), les materiaux etant choisis de telle sorte 
que : 

des Electrons injectes depuis ladite premiere electrode (2) jusque dans ledit premier film organique (4) et des 
trous injectes depuis ladite seconde electrode (3) jusque dans ledit second film organique (5) au travers dudit 
troisieme film organique (6) sont accumules au niveau cfune jonction de barriere de blocage entre lesdits 
premier et second films organiques (4, 5) lorsqu'une tension de polarisatbn est appliquee entre lesdites pre- 
miere et seconde electrodes (2, 3) pour etablir ladite seconde electrode (3) a un potentiel positif ; et 
parmi les electrons et les trous accumules, les electrons sont injects par effet tunnel jusque dans ledit second 
film organique (5) a une premiere tension de seuil afin de realiser une recombinaison rayonnante dans (edit 
second film organique (5) et sont transportes jusqu'audit troisieme film organique (6) a une seconde tension 
de seuil afin de realiser une recombinaison rayonnante dans ledit troisieme film organique (6). 

Dispositif electroluminescent organique selon la revendication 7, caracterise en ce que les inegalHes suivantes 
sont satisfaites : 

E C1 * E C2 < E V1 " E V2 
E C2 < E C3 
E V2 = E V3 

oil Ec 3 et E V 3 sont respectivement des differences cfenergie entre un niveau de vide et une extremrte inferieure 
d'une bande de conductbn et le niveau de vide et une extremity superieure d'une bande de valence dudit troisieme 
film organique. 

Dispositif electroluminescent organique selon la revendication 1 , caracterise en ce que ledit corps multicouche 
inclut : 

ledit premier film organique (4) qui joue le rdle de premiere couche emettrice de lumiere ; 
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ledit second film organique (5) pris en sandwich entre ledit premier film organique (4) et tadite seconde Elec- 
trode (3) ; et 

un troisieme film organique (6) qui joue le role de seconde couche emettrice de lumiere, pris en sandwich 
entre (edit premier film organique (4) et ladite premiere Electrode (2), les materiaux Etant choisis de telle sorts 
que: 

des Electrons injectes depuis ladite premiere electrode (2) jusque dans ledrt premier film organique (4) au 
travers dudit troisieme film organique (6) et des trous injectes depuis tadite seconde Electrode (3) jusque dans 
ledit second film organique (5) sont accumulEs au niveau d'une jonction de barriere de blocage entre lesdits 
premier et second films organ iques (4, 5) lorsqu'une tension de polarisation est appliquee entre lesdites pre- 
miere et seconde Electrodes (2, 3) afin d'Etablir ladite seconde Electrode (3) a un potentie! positif ; et 
parmi les electrons et les trous accumules, les trous sont injectEs par effet tunnel jusque dans ledit premier 
film organique (4) a une premiere tension de seuil afin de rEaliser une recombtnaison rayonnante dans ledit 
premier film organique (4) et sont transports jusqu'audrt troisieme film organique (6) a une seconde tension 
de seuil afin de rEaliser une recombtnaison rayonnante dans ledit troisieme film organique (6). 

10. Disposrtif Electroluminescent organique seton la revendication 9, caractErisE en ce que les inEgalitEs suivantes 
sont satisfaites : 

" ^C2 < * E V2 

20 E -E 

t C3 ~ & C1 
E V3 < E V1 

ou E C3 et E^ sont respectivement des diffErences d*Energie entre un niveau de vide et une extrEmitE infErieure 
25 d'une bande de conduction et le niveau de vide et une extrEmitE supErieure d'une bande de valence dudit troisieme 

film organique (6). 
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